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Abstract  Epidermolysis bullosa (EB) is a heterogeneous group of inherited diseases charac-
terised by skin blistering and fragility. In humans, one of the most severe forms of EB known
as Herlitz-junctional EB (H-JEB), is caused by mutations in the laminin 5 genes. EB has
been described in several species, like cattle, sheep, dogs, cats and horses where the mutation,
a cytosine insertion in exon 10 of the LAMC2 gene, was very recently identied in Belgian
horses as the mutation responsible for JEB. In this study, the same mutation was found to be
totally associated with the JEB phenotype in two French draft horse breeds, Trait Breton and
Trait Comtois. This result provides breeders a molecular test to better manage their breeding
strategies by genetic counselling.
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1. INTRODUCTION
Epidermolysis bullosa (EB) is a heterogeneous group of mechano-bullous
disorders characterised by fragility of the skin and the mucous membranes. In
humans, EB is divided into three different forms depending on the level of the
separation within the dermo-epidermal junction as recognised by diagnostic
transmission electron microscopy [8,9]. The junctional form of EB, JEB, is
characterised by blister formation within the lamina lucida of the basement
membrane zone and by an autosomal recessive pattern of inheritance. In the
severeHerlitzvariant, H-JEB, tissuecleavageresultsfromthemutationsin one
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of the three genes (LAMA3, LAMB3 or LAMC2) [1,15,20] encoding the three
subunits (a3, b3 and g2) of the extracellular adhesion ligand laminin 5 associ-
ated with the hemidesmosome-anchoring lament complexes. Likewise, cases
of EB have been described in different species, such as sheep [4], dogs [19],
cats [18], mice [5], and rats [2].
In the horse, a case of possible hereditary epitheliogenesis imperfecta was
rst described by two clinicians in 1935 [3]. Since then, several publications
referring to epidermolysis bullosa or closely related clinical diagnoses have
been reported. These cases of tegument defects appear in different breeds such
as the Belgian draft horses [14] but also in a crossing between a Thoroughbred
and a Quarter Horse [6] or in Saddlebredhorses [7]. The cases in Belgian foals
were dened as junctional EB with limited hereditary evidence [10,13]. All
cases in draft horses involved skin malformation resulting in blisters probably
caused by an abnormal epidermal-dermal junction. Different areas of the body
were affected, in particular the limbs with recurrent loss of the hooves. The
affected foals died or were euthanised. In France, a group of lethal junctional
EB was described for the rst time in the Trait Breton and Trait Comtois draft
horses and the limited family data are compatible with a recessive mode of
inheritance [11]. In a very recent study, a cytosine insertion in exon 10 of
the LAMC2 gene [21], was identied as being responsible for JEB in Belgian
horses. Thisstudywasaimedatcheckingifthesamemutationisthecauseofthe
disease in two French breeds, the Trait Breton and Trait Comtois draft horses.
2. METHODS
Clinical cases of JEB were collected through the Haras Nationaux, equine
veterinarians and breed associations. The animals were of Trait Breton and
Trait Comtois draft horse breeds suffering predominantly from multifocal
absence of the skin. Due to the lethal prognosis, the foals were euthanised
in general a few days after birth. The histological analyses of the skin were
performed in a single anatomo-pathology laboratory (Laboratoire d'anatomie
pathologique vétérinaire, Amboise, France). The skin was xed in formalin
and then embedded in parafn. The sections were cut and either stained with
eosin and hematoxylin or with periodic acid-Schiff (PAS) for the basement
membrane zone observation.
Pedigrees were obtained from the breeders providing the animals and the
SIRENET database (http://www.harasire.net). Blood was collected from 66
horses and genomic DNA was puried from the peripheral blood according
to standard protocols. The panel included horses from two breeds: 19 Trait
Comtois (5 affected foals, 8 mares, 3 sires and 3 control horses presumably
non-carriers unrelated to the families with the JEB cases), and 47 Trait Breton
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The presence of the mutation, a cytosine insertion in exon 10 of
the LAMC2 gene, described by [21], was revealed by PCR on genomic
DNA of our panel using primers 50-TGTTACTCAGGGGATGAGAA-30 and
50-CTGGGGGCAGTTATTGCAC-30 followed by polyacrylamide gel electro-
phoresis. PCR was performed as advised by the authors with one of the
primers labelled with g-T33PU-dATP by T4 polynucleotide kinase (Promega)
in a Perkin-Elmer Cetus 9600 or MJ Research PTC100 thermocycler. For
sequencing, PCR amplication of a 170 bp fragment was performed in the
same PCR conditions and 5 mL of the products were electrophoresed on 2%
agarose gels. The fragments were puried with a QIAquick PCR purication
kit(Qiagen)andweresequencedonanABI377automatedsequencer(Applied
Biosystems).
Linkage disequilibrium between the JEB phenotype and the mutation was
analysed using the maximum likelihood method of [22]. Two-point analyses
were performed using the DISLAMB programme [22] obtained from the
Rockefeller Institute website (http://linkage.rockefeller.edu).
Total RNA was isolated from skin biopsies obtained from one control and
from one heterozygous individual, using the TRIZOL Reagent (Invitrogen).
First strand cDNA was obtained from 2:5 mg of total RNA using Superscript
II RT (Invitrogen) as recommended by the manufacturer. Two microliters of
the reaction mixture were used in PCR amplication of exon 10 of LAMC2
cDNA using the primers identied by [21], one of the primers labelled with
g-T33PU-dATP by T4 polynucleotide kinase (Promega) in a Perkin-Elmer Cetus
9600 or MJ Research PTC100 thermocycler, followed by polyacrylamide gel
electrophoresis.
3. RESULTS
The phenotype of the affected foals suggests a condition in horses similar
to H-JEB in humans. Affected foals were born with skin blistering, skin
and buccal ulceration followed by the loss of the hooves, as ascertained by a
veterinarian and conrmed by histological examination (Fig. 1). The affected
skin showed disjunction of the epidermis from the underlying dermis at the
dermal-epidermal junction. PAS tests were performed demonstrating that
lamina densa adheres to the dermis (Fig. 2).
The insertion of a cytosine at position 13681369 of the cDNA of LAMC2
(AY082802) [21], was tested in all horses of the panel. In the draft horses,
electrophoresisonapolyacrylamidegelrevealedtwoPCR fragmentsformares
and sires, one for affected foals and a distinctively smaller one in all controls
(Fig. 3). The presence of the mutation was ascertained by sequencing of the
PCR fragment in all horses from the panel. Similarly, all presumably healthy
non-carrier horses were homozygous for the wild type, while all affected foals252 D. Milenkovic et al.
Figure 1. Clinical features of horse epidermolysis bullosa in affected foals. (A and B)
Extensive absence of skin is visible, principally on the lower limbs and joints; (C)
buccal cavity involvement (ulcer of gum mucosa) is also observed and (D) loss of the
hoof.
Figure 2. Transverse histological skin section of horse junctional epidermolysis bul-
losa skin. The separation between the dermis (D) and epidermis (E) giving rise to a
blister (B) is observed. It is a lesion caused by a defective basement membrane zone.
The lamina densa (LD) is visible. Cornied layer cells (CL) and a hair follicle (HF)
are also observed (H&E; X40).A LAMC2 mutation involved in horse JEB 253
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Figure 3. Genotyping of one nucleotide insertion mutation on polyacrylamide gel of
radioactive PCR products spanning a 170 bp region of exon 10 of the LAMC2 gene. A
small fragment is observed in the controls (C), a larger one in the affected foals (AF),
and both for healthy parental carriers (PC).
were homozygous for the insertion and all parents were heterozygous. The
13681369insC mutation showed a total linkage disequilibrium with the JEB
in the two French draft breeds. The P-value of the LRT test was 6:8  10 14,
with a chi-square value of 54.85 (lambda D 1), and a P-value of 1:1  10 11,
for a chi-square test value of 46.14.
Semi quantication of the LAMC2 mRNA was performed by RT-PCR on
mRNA obtained from the skin of one control and one heterozygous horse.
Electrophoresisonapolyacrylamidegelofampliedexon10ofLAMC2cDNA
revealed one band in the control corresponding to the wild form and two bands
inaheterozygoushorse. Thebandcorrespondingtothewildformwasstronger
than that of the mutated form (data not shown).
4. DISCUSSION
The clinical description of the disease in the French draft affected foals
collected in this study was similar to those observed in other species. In
humans,widespreadblisteringoftheskin,stratiedmucousmembranesandthe
epidermisdetachmentfromthedermisatthebasalmembranelevelcharacterise
the lethal form of JEB observed just after birth. In the Trait Breton and
Trait Comtois French draft horse breeds, JEB is characterised by a multifocal
absenceoftheepidermispredominantlyinvolvingthelowerlimbswithmultiple
ulcerationoftheskin. Theabsenceofthemucosalepitheliumandulcerationof
thebuccalcavitywasalsoobserved. Separationofthecoronarybandsfromthe
hoofwallresultedinthelossofthehooves(Fig.1). ThisclinicalfeatureofJEB
was conrmed by a histological analysis showing the epidermal detachment
from the dermis at the basal membrane level (Fig. 2). These observations are
consistent with the reports on H-JEB in humans and JEB in Belgian horses. In
addition, our data were in accordance with the recessive mode of inheritance
observed in humans and horses.254 D. Milenkovic et al.
The presenceofa singlemutationcanbe explainedby thepedigreestructure
of our panel and the history of the three draft breeds. Pedigrees of the
propositus were reconstituted as far back as possible, sometimes up to the
seventh generation. In each of the Comtois and Breton breeds, one or two
stallions, probably heterozygous for the mutation, were found in the pedigree
of all the affectedfoals, revealing the existenceof common sires in the families
of the same breed, as well as common ancestors for the two breeds. Similarly,
it is known that the Comtois and the Belgian breeds share common ancestors.
Thisexplainshow asinglemutationthatprobablyoccurredinafounderanimal
could have spread within and among the populations of different breeds.
Two lines of observations provide evidence that the 13681369insC muta-
tion is responsible for the disorder in the Trait Breton and Trait Comtois. A
complete association was found between the mutation and the phenotype with
a signicant linkage disequilibrium (P < 0:01). Furthermore, the insertion of
a cytosine provokes a frameshift in the open reading frame and generates a
premature termination codon. The truncated g2 subunit lacks its C-terminal
domain that mediates the interaction with the two other subunits, a3 and b3,
of laminin 5 preventing its formation as well as that of anchoring lament
complexes.
The low level of the mutant allele cDNA of a heterozygous animal supports
the possible explanation of a rapid mRNA decay of the mutant allele. This
agreeswiththelackofdetectionofthelamining2proteinbyaspecicantibody
in the tongue epithelia of an affected foal [21]. The possible rapid decay
of the mutated g2 mRNA could be explained by the degradation of mRNA
containing a premature termination codon via the nonsense-mediated mRNA
decay pathway[12,16,17].
The identication of the causal mutation of JEB in the Trait Breton and
Trait Comtois is of great importance to draft horse breeders. A rapid, simple
genotypingmethodbyDNAamplicationfrombloodorhairsamplesdetecting
normal and mutated fragments is now available for genetic counselling. The
identication of healthy carriers for the mutation allows to develop different
breeding strategies. Populations can be conducted, avoiding matings between
carriers to obtain unaffected foals. Alternatively, breeder associations may
decide to eradicate the mutation by preventing all carriers to reproduce.
In conclusion, thisstudy(i)demonstratesthatthe LAMC2 mutationdetected
in the Belgian breed is also responsible for JEB in the Trait Breton and Trait
Comtois; (ii)conrmsby clinicalandhistologicalanalysisthatEB inthesetwo
breeds is homologous to human H-JEB; (iii) proposes that genetic counselling
based on a rapid molecular test for the identication of healthy carriers will
help breeders to circumvent the disorder in their population; and (iv) favours
the hypothesis of a rapid mRNA decay of the LAMC2 mutated allele. Still, a
number of questions need to be addressed: the existence of different formsA LAMC2 mutation involved in horse JEB 255
of epidermolysis in the horse, their incidence in different breeds and the
identication of the causal mutations.
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